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PHASE REVERSAL IN EMULBIONS

L. Ya, Kremnev and N, I. Kuibina

The mechanism of phase reversal in emulsions is generally atributed to the necessity for the transformation of
3 hydrophilic {nto anoleophilic stabiifzer, or conversely. However, the reversal of of/w type emulsions into the w/o
type occurs under the {nfluence of univalent cations, which do not affect the surface-active properties of the typical
stabilizers for direct emulsions ~the alkali soaps [1].

A much closer approach may be made to a s "ution of this problem by a consideration of the results of our
systemede study of direct and reverse emulsions of maximum concentration [2). It was found that to determine the
possibiiity of formation of an emulsion of a given type it {s {nsufficient to have informaticn concerning the hydro-
philic or oleophilic nature of the stabilizer with respect to two immiscible pure liquids {the mode! case). In general,
the type of the stable emulsicn formed = determined by the propertles of the lquids in contact within it, one of
which may be, for examgple, an aqueou: 3alt solution. A stable emulston {s formed when a continuous adsorptional-
solvation layer is produced on the outer surface of the droplets, and for this, according to the independent surface
acdon principle, one of the liquids in the emulsion shov' . predominately solvate either the poiar or the nonpolar po:-
tions of the stabtlizer molecules, In the case of two pure liquids ~ water and benzene— the molecules of alkalf soap
adsorbed on the droplet surfaces are ensured considerable hydration of the polar groups by water, The thickness of
the solvation layers then predoininates on the water side, and o/w type emulsion is stabilized, Electrolytes in suffic-
ient concenwration dehydrate the polar groups of the soap molecules, which leads to predominate soivation of the hydre-
carbon chains of the scap molecules and thelr independent surface “ction. In shese conditdons emulsions of the w/o
type are stabilized,

If this is so, no difficulties are present 2d by phase reversal {n direct and reverse concentiated emulsions by
setting up {n them some given concentration of alkali cations of the :ame nature as the soap cations, The following
experimenis were performed for this purpose, By shaking in a cylinder, a stable emulsion of the o/w type, containing
equal volumes of benzene and aqueous s0ap solutivi.,, was obtained. Dry salt was then added to the emulsion, after
which the emuision was again shaken tili the salt dissolved completely, The advantage of using dry electrolyte in-
stead of an aqueous solution s that i3 action increases gracually and comparatively regularly as solution proceeds.
On the other hand, addition of a concenaated salt solution leads to the formation of clots of the salted-out scap,
which are difficult to disperse, and makes reproducible rexdts difficult to obtain. The type of emulsion was deter-
mined microscopically by ¢;2ing with Sudan II, and also by dilution of the emulsions by water and benzene,

In a large series of experiments, the following was invariably observed. As the salt concentration increases,
an emuliston of the o/w type becomes increas:ngly unstable, and at a critlcal concentration of ~lectrolyte it is usually
desoyed and separates into two layets, Further tacrease of the silt content leads to the formation of first an unstable
and then a fully stable emulsion of the w/o type, Tie reversed einulsion, In tumn, can ea.ily be converted i{nto the
original stable emuision of the o/w type, 1f aquecus solutlon of the stabilizer {s added to it with shaking In these ex-
periments the aqueous selution loweis the electrolyte concentration below the critical value, which causes phase re-
vemal,

Tables 1 and 2 give some results of experiments with emulsions stabilized by aqueous soluiions of sodium oleate,

The phases are revarsed sirnflarly tr emulsions with ammonium and triethanolamine oleates. Table 3 gives
the critical values of concentrations of salts, which precede phase reversal, at which the emulsions 2re destroyed or
become very unsiable.

These resuits show that the critical concentration of salts in phase reversat has a practically constant value
(0.28-0,3 mole/1) which does not « zpend on the nature of the added electrolyte or the properties of the stabilizer,
The same salt concentration {s maintained #lso at different contents of the stabilizer {n i *quecus soludon, For
example, in the concentration range from 0.1 to 0,6 mole/1 for aqueous wolutdons of sodium o.eate, the critical
concentriation of NaCl n our experiments was 0.25-0,28 mole/1,

On turning to data on stabdlzation of concenmated emulsions of the w/o type by alkali soaps (2 we 1ee that :
at the salt concentrations indicated above, ~ 50% of the stabilizer is salted out of the squeous solution, after which, ;
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TABLE 1

Reversal of Emulsion Phases by Means of NaCl. Con-
centration of Sodium Oleate —0.3 mole/l

TABLE 2

Reversal of Emulsion Phases by Means of Nay5Q,,
Concentration of Sodium Oleatz —0,3 mole/}

Concentra- |Emulsion | Swubility of emulaion Concenaation Eravision ‘_Szabiuty of emulsica

tion of NaCl| type of Nay50Q; in type

in mole/l _mole/l
(,08 o/w Stable il afw Stable
2,17 o/w Unstable 0.15 ofw Stzble
0.25 - Destroyed 6.1% /v Unsiable
9,34 w/o Unstable £.28 - Destreyed
0.42¢ w/o Stable ¢.28 #70 Unsiable
0,340 %/0 Unstable 0,31 w/o Instgble
0.25¢ - Destoyed .35 w/0 Stable
0,17+ o/w Unsiabie 0.28+ /0 Unstable
0,14 o/w Stable ¢.25¢ w/c Unstable

» Decrease of salt concentration by supplementary g.22° - ?ﬁm?\yed

addition of scap solistion. 0.14 o/ Unstable

0.10% o/w Stabie

on further increase of electrolyte concentration, condi-
tions are created for the formation of a reverse em" "
s..id. At concentrations of electrolyte below the critical,

¢ Decrease of sait concentration by supplementary
addiden of soap wolution,

at which the degree of salting-out of the soap i3 still insufficient, direct emulsisas are sgil stabiitzed, Thus, elece
trolytes have an effect of the same type on emulsions of any concentration, When, then, deteimines the ermuision
type in ouwr experiments? We base our answer to this question un the fact that one of the main purposes of the
stabilizer is a substantial (ncrease of the cohesion setween unlike Mquid. with the aid of diphilic surface-sctive

molecules, the polar and nonpolar portions of which are simultaneousiy and independently-solvatzd at the interphase
surface by the disperse phase and the dispersion medium of the emuision. As was shows by out study of direct and
reverse emulsions of maximum concentration [2), ihe degrec of solvation of the polar groups by the aqueous phase
and of the hydiocarbon chains of the subilizer mclecules by the sonaqueous phase, is not the same, corresponding
to different values of 5¢rqy, for the adsorpton-solvation J4yess on the droplets. By means of one solvation layer 4
close interaction between the adsorbed molecules of the stabliizer and the dropiets i3 effecred, and a second solva~
tion layer on the side of the dispersion medium prevents coalesceace of the dropiets,

when a soap, for example sodium
oleate, it diswilved in water, the Jater
hydrate s the carbonyi groups of the soap

.y . : -
(N}Q)XCQlT (NH‘)XSO‘T NH,Cl | Nacl | NaCO, T NugSCy molecules, and the thickness of this por

TABLE 3

Critical Salt Concentrations in mole/! in Phase Reversa:

0.01 p [4). ‘the hydrocarbon chains, solva-
ted by benzene, form the second part of the
protective layer, the thickness of wluclh a3
also measured and Is &'cpqp = 0,006 p [4].
The ratlo y between the thicknesses of the
adsorption-solvaton layers at the {nterphase

Ammonium oleate, concentration 8.3 mole/l
0.24- | -~

0.2 | 026 - l -
0.28

Triethanolamine oleate, conceatrstion 0.3 mole/l
026 | o2a | oz | oz | o2

025 |

tion oi an emulsion of a given *vpe. In the
present case, for sodium cleate

and the disperse phase s benzene, which solvates the hydrocarbon chains to 8 smallzr extent than the polar groups
are hydrated by water,

By the use of aqueous salt solutions the hydration of the polar groups s sharply decreased, and the adsoipuon-
solvation portion of the protective layer on the water sde will have a thickness of the ordes of several moiecular
diametein l.e., it will not be capable of stabilizing oil droplets, It is {1 these conditions it the thickness of the
adsorption-solvation part of the proteciive laver an the bensene sde predoiminater, and 8 waterinroll emulaion s
formed, 1. cause
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Thus, the emulsion type {3 determined by the ratin of the thicknesses of the adsorption-solvation layers on the
two sides of the separation boundary between unlike ifquids, and this rtatlo can serve a3 a quantitative measure of the
mlvation of the stabfli zer,

TABLE 4

Yalues of y and Types of Emulsion

Liquids itical | thickn

Oleares au Cr'x cal layer 'c ess y Emultion type
—— 1 2 Yerin @ 8 crin it
Sodium Water Benzens 0.01 .008 >1 o/w

Salt solutions | Benzene +0 0.00€ <1 w/o
Armoniem Water Benzene 0,007 0.002 >1 ofw

Salt solutions | Benzene *0 0.003-0.008 <1 w/o
Triethanoiarnine ; Water Benzene 0.01 0.002 >1 o/w

Salt sclutions | Benzene -0 0,002-0,012 <1 w/o

The above may be formulated as foliows: the dispersion medium of an emulsion is the one which, out of two
timmis~thle pure liguids or solutlons, forms the thicker adsnrption-solvation continuous coating at the dropiet sur-
faces #ither with the polar or with the nonpolar portions of the molecules (particles) of *he s:abihizer, This ts suppor-
w2d by our experimental data on the stabilization of direct and reverse emulsions [2], as iz shown in Table 4,

SUMMARY

1. Phase reveiss' with the aid of univalent cations has been studied in emuisions stabilized by alkali oleares,

&, It was ectablished that the criticai concentration of salts, which precedes phase reversal, {s a practically
constant vzlue, which does not depend on the properties and the concentration of soap,or on the nature of the elec-
wolyie added, with a cation common vith the soap.

3. /It was proved that conversion of o/w to w/o emulsions takes place when the solvation.of the hydrocarbon
chains of the stabilizer molecules exceeds the hydration of the polsr groups. When hydration of polar gromps pre-
dominates, conversion of w/o to o/w ernuldons takes place.
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